Abstract: Meiotic behavior, pollen morphology, interphasic nucleus pattern and karyotype description for Senna occidentalis (Caesalpinioideae -Fabaceae) are presented. The species had non-reticulate interphasic nucleus and homogeneous chromosome condensing with minute distal late-condensing portions in prometaphase. In mitotic metaphase, chromosome number was 2n = 28 (9 m + 5 sm), with secondary constriction in one chromosome pair. Detection of four nucleoli indicated existence of two chromosome pairs bearing Nucleolar Organizer Region (NOR). Meiotic behavior was regular, with high meiotic index (95%). Pollen grains, classified as polar/spheroidal, presented 90% viability.
Introduction
Senna is the common name of 13 species of the genus Senna Mill, subtribe Cassiinae, tribe Cassieae, subfamily Caesalpinioideae (Leguminosae), family Fabaceae. The genus Senna, considered paraphyletic, derives from the subdivision of the complex genus Cassia sensu lato into Cassia sensu stricto, Chamaecrista Moench and Senna Mill. Taxonomic issues involving these three genera are common due mainly to the high morphology similarity either inside each one or among them (Machado 1983; Boonkerd et al. 2005) . Senna comprises around 350 species and is divided into six sections: Psilorhegma, Chamaefistula, Senna, Peiranisia, Paradyction and Astroites (Irwin & Barneby 1982; Randell & Barlow 1998) . Approximately 80% of these species occur in Neotropical regions. Many of them have economic importance for ornamental and natural medicine purposes, wood production, degraded area restoration (Kissmann et al. 1992) .
Senna occidentalis (L) Link, commonly known as coffee senna, is native to tropical South America and found in almost entire Brazilian territory. It is frequent in orchards, wastelands, fields and roadsides and considered as a weed in several economically important crops (Machado 1983) .
The medicinal action of S. occidentalis is recognized in some parts of the world, where the plant or its roasted seeds are used as expectorant, antiinflammatory and hepatoprotective agent, antimutagen, purgative, diuretic, febrifuge, vermifuge, bactericide, antifungal, antiviral, abortifacient and antimalarial (Di Stasi & Hiruma-Lima 2002; Machado 1983; Lorenzi 1982; Tona et al. 2004; Samy et al. 2001; Evans et al. 2002) . On the other hand, this species can be toxic when present in animal food and is therefore one of the most important toxic plants of veterinary interest (Barbosa-Ferreira et al. 2005) .
Studies of European populations carried out by Darlington et al (1945) during the 30 th and 40 th of the last century indicated that the chromosome number of S. occidentalis was either 26 or 28. Biondo et al. (2005) found only 2n = 28 chromosomes in populations native from the South of Brazil, while Castro et al. (2006) showed intraspecific variability (2n = 26 and 2n = 28) in accessions from the same region.
In the present work, S. occidentalis populations from the South of Minas Gerais State were characterized from the point of view of karyotype, meiotic behavior and pollen morphology.
Material and methods
Vouchers of Senna occidentalis (L) Link, listed in Table 1 , were deposited at the Herbarium of the Department of Biology, Federal University of Lavras, Lavras, Minas Gerais State, Brazil. Duplicates were stored at the Herbarium of the Botanical Garden, Rio de Janeiro, Rio de Janeiro State, Brazil, where the species were identified according to Irwin & Barneby (1982) . Karyotypic description Seeds collected from each accession of S. occidentalis were treated with sulfuric acid 100% for 15 min in order to break dormancy. After germination, about 0.5 cm long roots were collected and pretreated with 3 mM 8-hydroxyquinoline for 2 h at 8
• C and fixed with Carnoy solution (3 methanol : 1 acetic acid v/v). Root tips were digested in a mixture of 20% pectinase and 2% cellulase in citrate buffer (pH 4.8) for 2 h and 40 min and then hydrolyzed in 1N HCL, at 60
• C, for 10 min. Meristems were excised and squashed in 45% acetic acid under cover slip. After removing cover slips with liquid nitrogen slides were air-dried and stained with 10% Giemsa solution in phosphate buffer (pH 6.8), for 3 min.
Ten metaphases of each accession were selected for karyogram and ideogram construction purposes. The length of short (s) or long arm (l) of each chromosome was obtained using Sigma Scan Pro v.4.0 software. These values were used to calculate: total length of chromosome (CL = s + l), haploid set length (HSL = ΣCL), arm ratio (AR = l/s) and relative length of chromosome (RL = CL/HSL). Chromosomes were classified based on arm ratio according to Levan et al. (1964) .
Interphasic nucleus structure classification (1,000 nuclei analyzed per accession) followed the nomenclature proposed by Guerra (1985) . For nucleolus observation, interphasic nuclei were stained with silver nitrate following the methodology of Howell & Black (1980) . Slides were analyzed under bright field microscope (Leica DMLS), equipped with a digital micro-camera (Nikon Digital Sight DS-Fi1) for image acquiring.
Meiotic and pollen morphology analysis
Flower buds collected from each accession of S. occidentalis were fixed with Carnoy solution (3 methanol : 1 acetic acid v/v ) and stored at −20 • C. Slides from each accession were prepared for meiotic analysis according to Viccini et al. (2006) , with some modifications. For each slide, approximately 12 anthers were excised from two flower buds and digested with enzymatic solution (Pectinex Ultra SP-L) at 34
• C for 4 h in water bath. Slides were air-dried and stained with 10% Giemsa solution.
Approximately 5,000 meiocytes from each accession were analyzed to describe meiotic behavior. Meiotic index was calculated from 5,000 pollen tetrads per accession (% MI = [number of normal tetrads × 100] / total of tetrades) according to Love (1951) . Pollen viability was estimated by Alexander's staining reaction in 1,000 mature pollen grains from five slides per accession.
For palynological characterization the material was prepared according to the acetolytic method of Erdtman (1952) . Slides were analyzed under bright field microscope (Leica DMLS) equipped with a digital micro-camera (Nikon Digital Sight DS-Fi1) for image acquiring. Measurements were done by using the software Sigma ScanPro v. 4.0. All measures were obtained within seven days after acetolysis in order to avoid changes in the pollen grain dimensions (Salgado-Labouriau 1973) . For scanning electron microscopy (SEM) analysis, non-acetolyzed pollen grains were dehydrated in a crescent series of alcohol (50%, 70%, 90% and 100%) and sprinkled on a metal holder previously covered with carbon adhesive; then, they received a thin layer of gold and were analyzed under SEM-LEO-EVO40. The terminology adopted for pollen grain description was that of Punt et al (1999) .
Mean values for the following characters were obtained by measuring 25 pollen grains: polar axis (P ) and equatorial diameter (E), in equatorial view; equatorial diameter (D) and apocolpate side (d), in polar view; exine thickness, divided into endexine and ectexine, and colpus length and width. P/E ratio was calculated and used in the classification of pollen type. D and d measures were used to calculate the Polar Area Index or Apocolpium Index (API): d/D.
Results and discussion
Senna occidentalis interphasic nucleus presented nonreticulate pattern (Fig. 1) . The genus Senna generally has polarized nucleus with fine granulation and intense diffuse chromatin staining (Souza & Benko-Iseppon 2004) . We did not observe such polarization; instead we detected fine granulation and intense diffuse chromatin staining, with punctually delimited chromocenters.
The evaluated material had 2n = 28 metaphasic mitotic chromosomes (Fig. 2) , corroborating the data obtained by Biondo et al (2005) in meiocytes of accessions from Rio Grande do Sul State, Brazil. Intraspecific variation was not observed, on the contrary to the report of Darlington et al. (1945) , who found 2n = 26 and 2n = 28 chromosomes in accessions from Europe as well as that of Castro et al (2006) in accessions from the south of Brazil. According to Souza & Benko-Iseppon (2004) , such variation could be interpreted as a consequence of the dysploidy observed in the tribe Cassieae, with 2n = 28 being the most frequent chromosome number in Caesalopinioideae.
As regards chromosome condensing behavior, this species showed homogeneous condensing with minute distal late-condensing portions in prometaphase (Fig. 3) , corroborating the results obtained by Souza & BenkoIseppon (2004) in other six Senna species.
S. occidentalis has nine metacentric and five submetacentric chromosomes, presenting decreasing and similar sizes (Table 2, Figs 4-5), following the same pattern as observed by Souza & Benko-Iseppon (2004) in other species of the same genus. Chromosome total length (short arm + long arm) ranged from 3.12 to 5.96 µm (Table 2, Figs 4-5) and the haploid set length was 62.53 µm. Chromosome pair 1 showed satellite on the long arm (Figs 2-5) . In six Senna species studied by Souza & Benko-Iseppon (2004) , chromosome total length ranged from 0.62 to 2.5 µm. Comparing these data, S. occidentalis would have larger chromosomes than those other Senna species, since its smallest chromosome is larger than the largest one observed in the others. However, since differences in chromosome condensation level and influence of methodological aspects of chromosome morphology cannot be discarded, this comparison must be taken carefully.
Based on the analysis of interphasic nuclei stained with silver nitrate, the maximal nucleolus number was four (Fig. 6) . Therefore, one pair of Nucleolus Organizer Figs 7-12. Meiotic configurations of Senna occidentalis. 7 -pachytene; 8 -diakinesis (n = 14); 9 -metaphase I, on polar view; 10-anaphase I; 11 -metaphase II; 12 -tetrad. Bar = 20 µm.
Region (NOR) was not identified during morphological evaluation. Silver nitrate banding and ribosomal DNA location by in situ hybridization are thus recommended to identify the other NOR. Meiotic behavior was considered regular based on the analysis of at least 100 meiocytes per phase. Normal pairing of the 14 bivalents in diakinesis (Fig. 8) and normal chromosome segregation in anaphases I and II (Fig. 10 ) must be highlighted. Biondo et al. (2005) reported the occurrence of 19.78% dyads, which were not observed in the present work. Normal meiotic behavior along with a high meiotic index (95%) explains high pollen grain viability (90%).
The morphological characterization of S. occidentalis pollen grain is represented in Table 3 . As P/E ratio is within 1.00 -1.14 µm, the pollen grain can be classified as polar-spheroidal according to Punt et al. (1999) (Figs 13-18) . The ectexine varies between 3.58 and 6.43 µm, with a mean of 4.37 µm. The endexine, much less thick, ranges from 1.67 to 2.52 µm and its mean is 1.98 µm. Thus, the exine varies from 5.38 to 8.35 µm, with a mean of 6.37 (Figs 13-14) . The colpus are extremely long (46.33 µm), wide (11.70 µm) and slightly deep, showing acute extremities and medial constriction (Fig. 15) . Pollen grain is very large (considered giant) according to polar axis and equatorial diameter measures in equatorial view (Table 3) . They are isopolar and tricolpate, with subcircular ambit and small polar area (API = 0.44 µm), named based on the classification established by Faegri & Iversen (1989) for polar area index . The exine can be considered rugulate (Fig. 18) . Our data show that the populations of S. occidentalis found in the South of Minas Gerais State, Brazil, have no variation for chromosome number (2n = 28) and show symmetrical karyotype with one secondary constriction, but probably two NORs. Differences on interphasic nuclear structure and chromosome morphology among Senna occidentalis and other Senna species indicate that these characters would be useful in taxonomic and evolutionary studies in this genus. For the same purposes, palynological data, described for the first time in this work, can also be considered as an attractive approach.
